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Abstract

During operation, the interaction between a vibro-impact rammer and soil exhibits complex non-
smooth dynamic characteristics due to the effects of clearance and impact. To investigate the influ-
ence of structural parameters on the operational performance of the rammer, a two-degree-of-free-
dom coupled dynamic model of the vibro-impact rammer-soil system is established, in which the
nonlinear deformation behavior of soil is taken into account. A bilinear hysteresis model is intro-
duced to characterize the elastoplastic behavior of the soil. The system dynamic matrix equations
corresponding to the compaction loading, compaction unloading, and take-off stages are formu-
lated and solved using modal superposition and decoupling methods. Taking the excitation fre-
quency as the bifurcation parameter, the evolution of the dynamic behavior of the nonsmooth sys-
tem is systematically investigated using single-parameter bifurcation diagrams, Lyapunov expo-
nent spectra, Poincaré maps, and phase portraits. The results reveal the transition of the system
from periodic motion to complex periodic bands and chaotic regimes through grazing bifurcations,
border-collision bifurcations, and saddle-node bifurcations. In addition, Hopf bifurcation behavior
occurring in the system is accurately identified. Finally, the cumulative plastic displacement of the
soil under different excitation frequencies is compared to evaluate the optimal compaction effi-
ciency of the system.
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Figure 1. Bilinear Hysteresis model of soil
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Figure 2. Two-Degree-of-freedom model
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Figure 3. Schematic diagram of each stage in the compaction process
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Table 1. System parameter values
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C, 496 N -s/m
K, 77,000 N/m
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